SUMMARY The periodic acid-thionin Schiff/potassium hydroxide/periodic acid-Schiff (PAT/KOH/ PAS) procedure has been used to investigate the histochemical staining characteristics of the mucins found in adenocarcinoma and villous lesions of the large intestine. The 46 blocks examined represented 58 lesions from 37 patients, all of whom had had resections for carcinoma of the colon.
We have shown (Culling et al., 1971 (Culling et al., , 1974a (Culling et al., , 1974b Reid et al., 1973 Reid et al., , 1974 Reid et al., , 1975a Reid et al., , 1975b Reid et al., , 1976 that both chemical and histochemical procedures
can be used to demonstrate the types and location of a variety of 0-acylated sialic acids, and that in the normal colon the latter are reasonably consistent in nature. This fact was utilised in a previous study (Culling et al., 1975) to differentiate those mucinproducing metastases arising from adenocarcinoma of the lower gastrointestinal tract from those arising elsewhere. At that time we noted that 30% of such primary tumours were KOH/PAS negative (Culling et al., 1975) (Culling et al., 1971 (Culling et al., , 1974a Reid et al., 1973) and KOH/PAS negative mucins in contrasting colours in the same section . The present paper describes the results of the application of this technique to a number of adenocarcinomas and polyps of the large intestine.
Material
The specimens investigated were obtained from the surgical pathology department of the Vancouver General Hospital and the Cancer Control Agency of British Columbia. The 46 blocks examined (containing 58 lesions) were from 37 patients, all of whom had had a resection for carcinoma of the colon. The lesions were selected to provide a representative sampling of all areas of the large bowel from caecum to rectum, and covered a wide range of diagnoses including benign adenomatous polyp, villous adenoma with varying degrees of atypia and malignancy, and deeply invasive carcinoma. There was some bias in favour of those specimens in which 1056 (Reid et al., 1973; Culling, 1974) in isolation. 5 Periodic acid-thionin Schlff (PAT) (Culling, 1974) 
Results
Sections were examined and graded morphologically by one of us (AW) using routinely stained haematoxylin and eosin slides. Further sections were them stained by the histochemical techniques described. above and, without the morphological grading being available, were graded on the basis of the type (colour) of mucin produced. Mucin was classified by the PAT/KOH/PAS method as being blue, purple, or red. It was realised that this was subjective, and our original classification was blue, blue-purple, purple, red-purple, and red and could easily have been further subdivided; however, it was finally felt that the colours could most easily be divided into predominantly red or blue with the single class of purple for intermediates. It should be remembered that normal colon gives a reasonably clear red by this method (Fig. 1) . The PBT/KOH/PAS treated slides were graded as either weakly positive ( ± ) when there was even a slight red colour present, as positive (+) when there was a definite to strong red colour, or negative (-) when there was no red colour present. PBT/PAS controls must be included with every batch of slides stained and these controls must not contain any red colour.
After the slides had been read on a histochemical basis alone, the classification was obtained and Tables 1 and 2 were constructed. It should be noted that several hundred slides of normal colon have been examined which were all strongly positive by the PBT/KOH/PAS and stained red by the PAT/KOH/PAS technique. Tables 1 and 2 show that, in sharp contrast to the normal colon, none of the malignancies stained red with the PAT/KOH/PAS method, and half were (Fig. 4c) , indicates the presence of C7 O-acylatedsialic acid (see Table 3 ).
PBT/KOH/PAS negative. With two exceptions the poorly and moderately differentiated adenocarcinomatous areas stained blue (Fig. 2) (Fig. 3) .
Since the KOH/PAS effect (Culling et al., 1971 (Culling et al., , 1974a Reid et al., 1973) is responsible for the red component of the PAT/KOH/PAS staining, it will be seen that the results shown in Tables 1 and 2 for the PBT/KOH/PAS are consistent with those obtained with the PAT/KOH/PAS with three exceptions. In these three cases the mucins stained blue with PAT/KOH/PAS and a definite red by the PBT/KOH/PAS (Fig. 4) . In such KOH/PAS positive mucins the sialic acid present will probably be 1060 group.bmj.com on November 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from New histochemical technzique of use in the interpretation and diagnosis of adenocarcinoma predominantly C7 0-acylated .
It should be remembered that the blue component of the PAT/KOH/PAS staining represents normal PAS reactivity and must not be confused with the action of thionin as a basic dye . These results, therefore, suggested that the standard PAS reactivity of colonic mucin is frequently increased in adenocarcinomas, by comparison with normal colon, and a retrospective study confirmed this somewhat surprising finding.
Discussion
We have shown that an examination of sections stained by the PAT/KOH/PAS and the PBT/KOH/ PAS enables us to determine the 0-acyl substituent patterns of the polyhydroxy side chains of the sialic acids of normal colonic epithelial mucins (Culling et al., 1974a . Red staining in the PBT/KOH/ PAS implies substitution at positions C7 and/or C8, or any other pattern of side chain di-or tri-substitution; red staining in the PAT/KOH/PAS identifies only those sialic acids substituted at Cs (or di-or tri-substituted). Blue staining in the latter is due to sialic acids substituted at either C7 or C9 or which are unsubstituted (normally PAS reactive); purple staining will obviously indicate a mixture. This scheme is illustrated in Table 3 (taken from our previous paper . As will be seen in Tables 1 and 2 , three cases produced mucin which stained blue by the PAT/KOH/PAS and red by the PBT/KOH/PAS (Fig. 4) . Based upon our previous studies (Table 3) , the 0-acylated sialic acids of these mucins are predominantly substituted at position C7.
As a result of this study it appears that the onset of malignancy in the colon is accompanied by an increase in blue staining. In histochemical terms this indicates a distinct change in the chemistry of the mucins being produced. We assume that this indicates a reduction in the degree of 0-acylation of the sialic acids, although it is possible that other sites with potential vicinal diols might be involved. Such a change in structure could be due to the deletion, or alteration in the properties, of an 0-acylating enzyme or enzymes. In those cases where the mucin Table 3 Histochemical identification of side chain 0-acylated sialic acids Red Red is predominantly C7, the change appears to be quite specific. In four of the sections there was a sharp morphological transition from normal to malignant which was accompanied by a similar sharp change in histochemical staining. In the majority of sections this histochemical change was less obvious, and in a few sections the apparently normal epithelial mucin farthest from the tumour edge was a distinct purple. Filipe and others (Filipe, 1969 (Filipe, , 1972 Filipe and Branfoot, 1974; Filipe, 1976a, 1976b) have recorded histochemical changes in the transitional zone between normal and tumour tissue. These consisted of 'an increase of sialomucins accompanied usually by a decrease or absence of the sulphomucins which are predominant in the normal mucosa of the large intestine' (Filipe and Branfoot, 1974; Dawson and Filipe, 1976b) . In addition, they noted (Dawson and Filipe, 1976b ) that 'in the transitional mucosa, adjacent to carcinoma, a far more positive reaction is observed' as compared with normal when using the periodic acid-chromic acid-silver methenamine method for glycoproteins (silver PAS method). Furthermore, Filipe and Cooke (1974) , in a biochemical study, reported that transitional mucosa showed, upon paper chromatography following hydrolysis, two thiobarbituric acid positive components. The faster of these was N-acetyl-neuraminic acid and the slower was probably an 0-acetylated N-acetyl neuraminic acid. Normal mucosa gave only a single component with the mobility similar to that of the slower component of transitional mucosa. The above data appear directly to support our findings.
The staining characteristics of the lesions studied suggest that these methods will be of use in the interpretation of highly atypical adenomas of the colon in which there is questionable malignancy. A definite blue staining reaction with the PAT/KOH/PAS technique would be strong supportive evidence of malignancy and would indicate the need for additional sectioning or further biopsy material for study. Negative PBT/KOH/PAS would strengthen this interpretation but would not appear to be useful in the presence of equivocal PAT/KOH/PAS results. On the other hand, an entirely normal red reaction would mitigate against malignancy. Muto et al. (1975) are of the opinion that 'most cancers have been through the polyp-cancer sequence. By this it is meant that invasive adenocarcinoma usually arises in a previous benign tumour ... having the structure of an adenomatous polyp or a villous adenoma'. Furthermore they cite malignancy rates of 2-9 %, 4%, and 4-8 % for adenomatous polyps, and 55 %, 40 7%, 31-9%, and 20% for villous adenomas and express the opinion 1061 group.bmj.com on November 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from that 'we must seek means of identifying which patients with these tumours are at greatest risk from malignant change'. Our results (Table 2) show that villous adenomas with malignant changes all show evidence of blue staining (6 appear blue and 7 purple) whereas of the eight benign and atypical, four were red, three purple, and only one blue. It appears, therefore, that our staining technique may be of value for the identification of the onset of malignant change in adenomas. Somewhat surprisingly, in view of the malignancy rates cited above, four of the adenomatous polyps stained purple and only two were red. It must, however, be remembered that all these polyps were from cases in which there was already established adenocarcinoma.
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